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Coccolithophores, one of the main open ocean primary producers, have a broad fossil 29 record, which makes them an outstanding biostratigraphical group and gives them 30 potential for paleontological study of ecosystem response to global change. As a basic 31 requisite for their application as paleoceanographic proxies it is necessary to maximize 32 the retrieval of paleoecological information from coccolithophore species, and to enhance 33 the understanding of their ecology as a plankton group. Knowing how the present-day 34 environment influences their spatial and temporal distribution, we could use the fossil 35 record of such organisms to reconstruct the state and variation of past environments 36 (Kucera et al., 2005) . 37
One of the modern ocean's most productive upwelling conditions occur all along the 38 Chilean margin (Strub et al., 1998; Abrantes et al., 2007) . In coastal upwelling domains, 39 the dominant primary producers are diatoms, although coccolithophores are also 40 significant contributors to the total phytoplankton community (e.g., Mitchell-Innes and 41 Winter, 1987; Giraudeau et al., 2000; Boeckel and Baumann, 2004) . However, there are 42 very few modern studies on coccolithophores ecology and calibration to climate proxies 43 in the Southeast (SE) Pacific, and most of them are based on plankton samples (e.g., 44 Beaufort et al., 2007; Beaufort et al., 2008; Beaufort et al., 2011) or on sediment trap 45 samples (e.g., González et al., 2004; Köbrich, 2008) . So far, only a small number of 46 surface sediment studies were performed by Saavedra-Pellitero et al. (i.e., 2010; 2011) . In 47
Stepwise multiple regression is a systematic method for choosing predictors (or 162 independent variables) of a particular dependent variable on the basis of statistical criteria 163 (Howitt and Cramer, 2008) . This procedure determines which independent variable is the 164 best predictor, the second best predictor, etc. After regressing our independent or 165 predictor variables (Al, Fe, K, Mg, and Ti ICP-MS values, in our case) against the 166 dependent variable (SR, in our case) with Matlab™ software, we found out that only Ti is 167 positively correlated to SR (R 2 =0.61, Fig. 2B and supplementary material). This 168 relationship reflects the recent sedimentation patterns on the Chilean continental slope. A 169 lack of significant precipitation limits the denudation in the Atacama Desert (Stuut et al., 170 2007) restricting the sediment supply to the Chilean margin and therefore the high SRs 171
and Ti contents offshore North Chile. On the contrary, humid conditions and stronger 172 erosion in South Chile (Miller, 1976) favors the higher SR and Ti contents at the 173 southermost surface sediment samples. The linear equation obtained allowed us to 174 estimate SR from Ti measurements for the specific case of the study area. 175
This formula provided a way to estimate SR for the surface sediment samples studied 177 (Table 2 , Fig. 3A ) with a root mean squared error (RMSE) of 0.047 for the 64 samples 178 where ICP-MS were performed, all of them GeoB samples. Concerning the 10 non-GeoB 179 stations of the database (RR-), euclidean distances between each station and the GeoB 180 stations were calculated and the smallest one was chosen. For the four samples located 181 further offshore, different SR values were considered (Table 1) .
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To estimate sediment DBDs, the closest value from was chosen 183 (Table 1 for original measurements and Table 2 Euclidean distances between each station and World Ocean Atlas database (1° grid) were 200 calculated and the smallest one was chosen using Matlab™. All the contour maps were 201 generated using Ocean Data View (ODV) software (Schlitzer, 2011) . The main model 202 was generated with R software (for further details see section 3.2) and ordination was 203 performed using the Vegan package for R (Oksanen et al., 2006 Fig. 3B, C) . 212
The 14 most common taxa or groups of coccoliths regarded in this study are 213
Calciosolenia spp., Calcidiscus leptoporus, Coccolithus pelagicus, Emiliania huxleyi, 214
Florisphaera profunda, Gephyrocapsa muellerae, Gephyrocapsa oceanica, 215
Helicosphaera carteri, Rhabdosphaera clavigera, small Gephyrocapsa (Gephyrocapsa 216 <3µm), Syracosphaera spp., Umbellosphaera spp., Umbilicosphaera spp. and Oolithotus 217 spp. In the following we briefly describe the main features observed in the contour maps 218 (Fig. 4) ranging from highest CARs average to lowest ones for each coccolithophore taxa. 219
Small Gephyrocapsa is the most abundant group (average of 1.94·10 6 coccoliths/cm 2 /yr) 220 which reaches abundances of 1.69·10 7 coccoliths/cm 2 /yr at 26°S, although high numbers 221 are also recorded in other parts of the Chilean upwelling area (Fig. 4A) . C. leptoporus 222
shows an average CAR of 1.48·10 6 coccoliths/cm 2 /yr. Maximum CARs of up to 1.5·10 7 223 coccoliths/cm 2 /yr for this species are reached in the samples located in the north of the 224 study area and decrease towards the South (Fig. 4B ). (Fig. 4E) (Table 3 ). The final model was examined for potential 277 outliers, because these can strongly affect transfer function coefficients and may 278 markedly decrease the predictive ability of the model. Outliers were identified as samples 279
Statistical analysis and SST transfer function
having an absolute residual (observed minus estimated) higher than the SD of the 280 environmental variable of interest and a low influence on the model indicated by Cook's 281 Fig 5D) . Based on this criterion, the samples GeoB 7108 and RR 52 282 mc3 were excluded. 283
The SST residuals (the difference between the observed minus the estimated SST) were 284 tested for homoscedasticity (constant variance). This condition ensures that the best-285 fitting line works well for all relevant values of SST estimated, not just in certain areas. 286
In the scatter plot of the standardized residuals against the SST estimated values (Fig. 5C ) 287 the spread in the residuals stays almost the same throughout, addressing the 288 homoscedasticity condition. In general, the SST residuals are relatively low (most of 289 them are between -1 and 1) and without any significant correlation or trend with the 290 estimated SSTs (Fig. 5A) . Our results based on CARs reveal good reproducibility of the 291 SST World Ocean Atlas 2005 (see Fig. 6 and supplementary material). Even though we 292 regarded annual averages to avoid any influence of seasonality, seasonal changes in 293 oceanographic conditions can strongly influence the coccolithophore fluxes. Therefore 294 SST residuals were also compared with the SST difference between summer and winter 295 in the study area (Fig. 7A) . A slight trend can be observed between SST difference and 296 SST residuals ( (Fig. 3C ). At these locations high numbers of coccoliths per gram of 310 sediment are noted (Fig. 3B ), yet CARs notably decrease with respect to more coastal 311 samples at similar latitude, probably driven by low SRs estimates. High coccolithophore 312 diversity is also recorded off north-central Chilean continental margin, as displayed by 313 the presence of different placolith bearing species (i.e., small Gephyrocapsa, C. 314 leptoporus, E. huxleyi, G. muellerae and G. oceanica) together with other coccolith forms 315 (e.g., F. profunda, H. carteri and Umbellosphaera spp.). Offshore central-south Chile, 316 upwelling-favorable conditions occur from late spring to early fall, corresponding to the 317 most persistent upwelling extending from 35ºS to 38ºS (Strub et al., 1998) . Due to the 318 fact that underneath these high productive zones degradational processes of organic 319 matter may favor enhanced carbonate dissolution (Boeckel and Baumann, 2004) , samples 320 barren of coccolithophores or highly affected by dissolution (which were excluded in our 321 model) are mainly located in areas from 35.5°S to 39°S (Saavedra-Pellitero et al., 2010) . 322
A drop in the total CARs and in all the species numbers are observed in the area from 323 36.5ºS to 38ºS (Fig. 3) nearby the persistent upwelling cell off point Concepción (Strub et 324 al., 1998) 
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We improved the spatial resolution offshore Chile, especially compared with previous 357 works based on radiolarian census (Pisias et al., 1997; Pisias et al., 2006) and planktonic 358 foraminifera (Mix et al., 1999; Feldberg and Mix, 2002; Kucera et al., 2005; Morey et al., 359 2005) which considered very few samples for the whole study area (see Fig. 8A ). 360 Abrantes et al. (2007) added some samples to previously collected databases (e.g., 361 Schuette and Schrader, 1979; Romero and Hebbeln, 2003) and successfully obtained a 362 SST diatom transfer function based directly on species percentages. Many of those 363 samples were also used by Saavedra-Pellitero et al. (2011) to estimate SST using 364 multivariate statistical analyses performed on modern coccolithophore census data from 365 15°N to 50.6°S and from 71°W to 93°W. With our work we covered an existing gap in 366 the north-central Chilean coast (from ~23ºS to ~33ºS) due to the lack of preserved 367 diatoms in the samples (Fig. 8A) . 368 A comparison of the SST estimates derived from our model (using CARs) with previous 369 SST transfer functions based on planktonic foraminifera (Kucera et al., 2005) and 370 diatoms (Abrantes et al., 2007) was performed and they resulted in close agreement (Fig.  371   8A) . Nevertheless, even if the three reconstructions follow the same trend, our SST 372 estimates are always lower than the other two because we considered an annual SST due to the fact that coccolithophore production can also happen at deeper depths (e.g., F. 380 profunda); this choice also allowed us directly to compare with the SST estimates based 381 on coccolith percentages (Saavedra-Pellitero et al., 2011) . Both reconstructions based on 382 coccolithophores follow the same trend as the SST observed, although the SST CAR 383 estimates fits better (see Fig. 8A ), especially from ~26ºS to ~36ºS. In any case, it should 384 be noted that SST estimates using different coccolith datasets and statistical approaches 385 offshore Chile resulted in close agreement, as shown by the high correlation (R 2 =0.71) 386 between the SST coccolith percentage estimates and the SST CAR estimates 387 (supplementary material). 388
Focusing more on the CAR transfer function, it can be noted that negative SST residuals 389 indicate that the model overestimated the mean annual SST while positive residuals 390 indicate that the model estimates underestimated this parameter. Although SST residuals 391 calculated here are low, the contour map of SST residuals (Fig. 6C ) shows that our model 392 tends to underestimate SSTs at the northernmost locations and overestimate SSTs at the 393 southernmost ones together with those stations from the area between ~34.5ºS and 394 ~36.5ºS which are under the influence of the persistent upwelling region described by 395 Strub et al. (1998) . Abrantes et al. (2007) also got SST overestimates and SST 396 underestimates at the northern-and southernmost locations of our study area, but not 397 offshore central Chile. This can be just explained by the ecological dominance of diatoms 398 over coccolithophores and/or by coccolith carbonate preservation which could affect 399 coccolithophore species composition in the upwelling region near Concepción (from 35ºS 400 to 38ºS). The slight trend observed between SST summer-winter difference and SST 401 residuals (Fig. 7B ) suggest that samples with SST underestimates (high positive 402 residuals) are more affected by seasonality than samples with SST overestimates (low 403 negative residuals). Therefore seasonality has, to some extent, an influence on the warm-404 water and cold-water coccolithophore taxa preserved in the surface sediment samples. 405
Even considering the limitations of our regional approach, both the total and species CAR 406 estimates give a general idea of the number of coccoliths/cm 2 /yr preserved in the surface 407 sediments offshore Chile, an upwelling region mainly dominated by diatoms, and 408 furthermore allowed us to obtain an accurate SST reconstruction. 409 410 Pb ) is indicated with blue crosses, the sampling stations corresponding to ICP-MS measurements (Stuut et al., 2007) with black dots, and the 74 sea surface sediment samples used in this study with red dots. Table 1 . Station, geographical position, measured sedimentation rate (SR, in cm/yr), authors of SR measurements, measurements of dry bulk density (DBD, in g/cm 3 ), authors of DBD measurements, Al, Fe, K, Mg and Ti (‰) values selected from the bulk chemistry analyses done by inductively coupled plasma atomic emission spectrometry (ICP-MS; Stuut et al. 2007 ). Underlined stations were used for the SR-Ti approach. Table 2 . List of studied samples including geographical position as well as estimated Sedimentation Rates (SR, in cm/yr), estimated Dry Bulk Densities (DBDs, in g/cm 3 ) and observed annual Sea Surface Temperature (SST in °C) average from 0 m to 75 m water depth (Locarnini et al., 2006) . Asteriks indicate samples in which coccolithophore studies were not performed; for further details, see Saavedra-Pellitero et al. (2010) . GeoB samples were retrieved during R/V SONNE Cruise SO-156 and RR samples during Genesis III Cruise RR9702A. Table 3 . Root mean squared error (RMSE), adjusted R 2 , F-statistic, degrees of freedom and p-value of the 5 component model. Root mean squared error of prediction (RMSEP) of the model assessed by bootstrapping and jackknifing. 
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